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Abstract 
Recent studies have introduced a new approach of estimating expressway capacity. The capacity of expressway segments is 
treated as a random variable instead of the traditional approach of a constant value. Different distribution functions are 
compared and the Weibull-distribution is used as the distribution function of stochastic capacity. The parameters of the 
Weibull-distribution function may be influenced by many factors. The influence factors (external conditions like dry or wet 
road surface, daylight or darkness) are analyzed using the Shanghai expressway data. The relationship between the parameters 
of the distribution function and the influence factors is studied, and the expressions are derived using the Shanghai 
expressway data. Once the expressions are derived,  the distribution function of expressway capacity under different 
conditions can be easily obtained. 
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1. Introduction 
Road capacity analysis is an important research area in transportation study. It not only can be used in 
developing reasonable scale of  road construction, but also provide scientific theoretical basis for urban road 
network planning, project feasibility study, urban road design, road improvement and evaluation of road 
construction etc. The expressway capacity is defined as the maximum flow that can reasonably be expected to 
traverse a facility under specific roadway, traffic, and control conditions (Highway Capacity Manual, 2010). In 
previous research, capacity is regarded as a constant value. However, recent research has showed that capacity 
may vary depending on external conditions like weather, daylight or darkness, and prevailing design purpose of 
the expressway. Even under constant external conditions, capacities can vary on expressways in reality (Okamura 
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et al., 2000), (Brilon et al., 2005), (Brilon et al., 2007). This paper employs the concept of stochastic capacity, and 
the capacity is represented by a distribution function. In combination with the data of Shanghai expressway, the 
form of the distribution function and the influence factors of the stochastic capacity are studied. At last, the 
expression represents the relation between the parameters of distribution function and influence factors is derived. 
2. Concept of expressway stochastic capacity and calculation method 
Minderhoud et al. (1997) compared different capacity estimation methods, and divided them into two groups, 
i.e. direct methods and indirect methods. The direct methods are identified by different traffic data (headway, 
observed volume, observed volumes and speeds, observed volumes, densities and speeds) used. And the capacity 
models can be divided into random models and Fundamental Diagram. The indirect methods include guidelines 
and simulation models. The popular methods are accessing to specification (Ministry of Construction, 1991) or 
VAM (Van Aerde, 1995) method based on fundamental diagram. The Product Limit Method (PLM) (Kaplan & 
Meier, 1958) of random models based on traffic breakdowns is becoming the research hotspot.  
The studies of uninterrupted flows show the existence of traffic breakdowns (Lorenz & Eleftheriadou, 2001). 
As a result, a new definition of expressway capacities based on traffic breakdowns is given: the rate of flow 
(expressed in pcphpl (passenger cars per hour per lane) and specified for a particular time interval) along a 
uniform freeway segment corresponding to the expected probability of breakdown deemed acceptable under 
prevailing traffic and roadway conditions in a specified direction. 
Brilon et al. (2005) presented the analysis technique of capacity distribution functions. Adopting the concept 
of the system lifetime, traffic capacity can be an analog for the system lifetime, while the breakdown is a system 
failure event. Using the PLM developed by Kaplan and Meier (1958), the system lifetime function is established. 
         :
( ) ; {B}
i
i i
c
ii q q
k dS q i
k
 (1) 
where, 
 Sc(q)  estimated survival function (c q); 
q  traffic volume (veh/h); 
qi traffic volume in interval i (veh/h); 
ki i; 
di number of breakdowns at a volume of qi; 
{B} set of breakdown intervals (see below),  
and  
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where,  
Fc(q) distribution function of capacity c; 
Sc(q) estimated survival function(c q). 
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3. Stochastic capacity analysis 
3.1.  Shanghai expressway data  
In order to balance the authenticity of the results and data complexity, this paper identified five minutes for the 
appropriate data collection interval. Types of data collected include traffic speed and traffic volume. The data 
used in this study is from May 3, 2010 00:00:00 to July 31, 2010 23:55:00.  
Loops collect each lane s average speed and three kinds of vehicles  separate flow volume (heavy, medium 
and small vehicle). Three kinds of vehicles  flow volumes, are multiplied by the conversion factor (2.0 for heavy 
vehicle, 1.5 for medium vehicle, and 1.0 for small vehicle), and the results are summed to obtain 5 min 
equivalent flow rate of the expressway segment between two successive loops.  
Due to the failure of acquisition equipment and communication system, abnormalities of environmental 
factors, short acquisition cycles and other reasons, the most common errors of data acquisition are data errors and 
data missing. These problems have effects on the data s managements and applications. To this end, it is 
necessary to do pre-processing for collected data. The pre-processing mainly removes the wrong data, and has 
four rules of removing data: (1) traffic volumes, speeds, occupancies are less than 0, (2) occupancies are bigger 
than 100%, (3) the speed is equal to 0 while the traffic volume is not equal to 0, (4) traffic volume is equal to 0 
while speed or occupancy is not equal to 0. 
3.2.  Determination of breakdown 
According to the capacity analysis method above, the collected data should be classified into three sets (Brilon 
et al., 2007): 
Set B: Speed during interval i is higher than speed-threshold, but the speed during interval i+1 is below speed-
i reflects road capacity. 
Set F: Speed during interval i is higher than speed-threshold, and so it is with interval i + 1, this interval i is 
belong to classification F. The capacity during interval i is greater than the observed flow qi.  
Set C: Speed during interval i is below speed-threshold, and so it is with interval i+1 i, this interval i is belong 
to classification C. This interval i provides no information about the capacity. 
is high than the speed-
congested. Generally the speed-threshold is determined by flow-
is speed-threshold. In this paper, the speed threshold is determined by expressway 
The apex of the curve is regarded as the cut-off point of the traffic state when fluent traffic state turns into 
congestion in traffic flow theory. The VAM (Minderhoud et al., 1997) method is used to calculate every 
segment -threshold in this paper.  
Totally 22 segments along the Shanghai North-South Elevated Road and Inner Ring Elevated Road are 
selected, the data from May 3, 2010 00:00:00 to July 31, 2010 23:55:00 of these segments are used. The speed 
data from loop are all time-mean speed, but the VAM method requires space-mean speed as input. So the loop 
speed data is converted using the following formulation. 
2(1 )t s vv v c  (3) 
where, 
vt time-mean speed 
vs space-mean speed 
cv coefficient of variation. 
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May (1990) pointed out that the expressway s cv scopes in [0.08, 0.17], the change of cv doesn t have much 
effect on time-mean speed. So the cv is chosen to be the mean value 0.125. Using VAM method, each segment  
day and night speed thresholds are calculated separately. Examples of results are listed in Table 1. 
Table1. Segment space-mean speed thresholds (km/h) 
Segment number Day Night Segment number Day Night 
NBDX02 37.5 40.0 NBDX06 45.0 38.8 
NBDX03 38.8 38.8 NBDX07 35.0 35.0 
NBDX04 40.0 38.8 NBDX10 35.0 38.8 
NHNX26 40.0 40.0 NBDX11 35.0 38.8 
NHNX37 35.0 35.0 NBDX14 35.0 40.0 
NHNX49 38.8 40.0 NBDX15 35.0 38.8 
NHNX55 40.0 40.0 NBDX17 50.0 50.0 
After calculating these space-mean speed thresholds, the 5-minute interval space-mean speed converting from 
loop speed data can be compared with the corresponding speed threshold to determine whether traffic incident 
happens. 
3.3. Expressway stochastic capacity distribution function analysis 
By using formulation (2), the actual values of stochastic capacity distribution for each segment can be 
obtained. By fitting the actual values to different types of distribution functions (normal distribution, equal 
distribution, Weibull distribution), the Weibull distribution is found to have the best fitness, it is consistent with 
 (2010). 
 
Fig 1.  Comparison of different assumed capacity distribution functions (segment: NBDX08). 
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So the Weibull distribution will be regarded as the function type of the stochastic capacity function, the 
Weibull distribution function is: 
q( )
cF ( q ) 1 e       (4) 
where,  
q traffic volume (veh/h); 
shape parameter; 
 scale parameter (veh/h). 
T  the Maximum-Likelihood method. 
4. Stochastic capacity influence factors analysis 
Ponzlet (1996) found that the capacities changes by the external conditions, like dry or wet road surfaces, 
daylight or darkness. In this paper, the number of lanes, sunshine time and weather are considered as influence 
factors of capacity. The design capacity improves as the number of one-way lanes gain. The nights mainly affect 
also influenced in rainy days. 
4.1. The analysis method of influence factors 
Before being calibrated by the Maximum-Likelihood method, every segment s data will be classified 
according to lane number first, then divided into four kinds of circumstance: day and sunny, day and rainy, night 
and sunny, night and rainy. When comparing the day and nights  influence on stochastic capacity distribution 
function s parameters, the day time is from 5:00 to 19:00 and the night is from 19:00 to next day s 5:00 according 
to Shanghai actual sunrise and sunset time. Examples of segment  Weibull distribution function  are 
shown in the following table. 
Table 2. The  of each segment's Weilbull function under different conditions 
Segment number 
Day & sunny Day & rainy Night & sunny Night & rainy 
        
nbdx08 14.81 3941 13.59 3985 10.51 3493 11.26 3621 
nbdx09 12.18 4659 12.77 4250 10.74 4002 11.59 3727 
nbdx19 12.54 4611 12.88 4240 10.89 4070 11.28 3658 
nhdx32 12.34 4741 13.82 4539 10.46 4125 11.68 3864 
nhdx70 13.85 4629 13.09 4543 9.92 3471 10.57 3377 
nbxx12 13.71 8104 15.14 7904 14.19 7052 14.30 6481 
4.2. Influence factors analysis 
After the values of segments   under different conditions are got, the liner regression will be applied. 
The lane number (X1), day and night (X2), weather (X3) will be independent variables, the  will be 
dependent variables separately. Examples of the X,  are shown in the following table. 
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Table 3. X, ,  of two lane segments 
  X1 X2 X3 
14.81 3941 2 0 0 
12.18 4659 2 0 0 
12.54 4611 2 0 0 
13.86 4348 2 0 0 
13.59 3985 2 0 1 
12.77 4250 2 0 1 
12.88 4240 2 0 1 
13.65 3987 2 0 1 
10.51 3493 2 1 0 
(X2=0 means day, 1 means night; X3=0 means sunny, 1 means rainy) 
4.3. The expressions of  expressway stochastic capacity distribution function parameters  
According to the actual data, the expressions of expressway stochastic capacity distribution function 
parameters can be regressed.  
321 0.709x1.978x1.079x10.773  (5) 
321 184.327x670.091x1737.066x864.292  (6) 
The adjusted R-Square of s expression equals to 0.728, the adjusted R-Square of s expression equals to 
0.954. the coefficient tests of the expressions are shown in the following table. 
Table 4. Coefficient test 
 t Sig.  t Sig. 
Constant of  34.710 0.000 Constant of  6.689 0.000 
x1  11.513 0.000 x1  44.509 0.000 
x2  -12.015 0.000 x2  -9.778 0.000 
x3  4.427 0.000 x3  -2.765 0.007 
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Figure 2 and Figure 3 are used to compare the model calculating values of , with the actual values of , to
prove the reliability of the model calculation.
Fig 2. The calculating values and the actual values.
Fig 3. The calculating values and the actual values.
5. Comparison of stochastic capacity and traditional capacity
For the Weibull distribution function, the expression of the expected values is :
( ) (1 1 )E (7)
where,
gamma function.
Then the expected capacity values of various lane numbers segments under different conditions can be
derived by formula (5), (6) and (7). Because the VAM method is based on Fundamental Diagram of traffic flow, 
it is a well known method of solving the capacity value. Three segments with different lane numbers (NBDX08,
2504   Yang Chao et al. /  Procedia - Social and Behavioral Sciences  96 ( 2013 )  2497 – 2505 
NBDX02, NBDX06) are chosen as examples. The expected capacity and the VAM calculating capacity under 
different conditions are listed in the following table. 
Table 5. Expected values and VAM values of capacity 
  Day and sunny Day and rainy Night and sunny Night and rainy 
Two lanes 
Expected values 4168 3998 3502 3351 
VAM values 3350 3232 2956 2838 
Three lanes 
Expected values 5853 5685 5180 5014 
VAM values 4835 4700 3962 3907 
Four lanes 
Expected values 7545 7378 6866 6701 
VAM values 6420 6281 5880 5798 
First of all, in the table it can be found that different weather and daylight also lead to different VAM values of 
capacity, it means that weather and daylight are influence factors of capacity when using VAM method. Secondly, 
two methods of capacity calculation have the same trend, day s capacity is higher than night s, sunny day s 
capacity is higher than rainy day s. At last, the expected capacity is higher than the VAM capacity. So the 
expected values of Weibull distribution cannot be equated with VAM calculating capacity. Figure 4 shows the 
data of segment NBDX08 in sunny day. The apex of loop measured data s velocity-flow curve is on the left side 
of the Weibull distribution function expected value. 
 
Fig 4. The VAM curve and Weibull distribution curve  
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6. Conclusions 
The stochastic capacity and the influence factors of it are discussed in this paper. First, by studying the form of 
the stochastic capacity distribution, it was found that the stochastic capacity of Shanghai expressway was 
Weibull-distributed random variable. Then the influence factors of stochastic capacity were analyzed and the 
stochastic capacity distribution function s parameters ,  were represented by the expressions which regarded 
lane number, weather and daylight as independent variables. 
The parameter expressions of stochastic capacity distribution function provide a new method for studying the 
stochastic capacity of expressway under different conditions. It will also inspire the study of expressway capacity, 
improve the traffic performance appraisal by considering the weather and daylight. 
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